The establishment and survival of epiphytic orchids depend on factors such as the environmental conditions of the forest that sustain them and, perhaps most importantly, on the presence of appropriate fungi. Because orchid seeds are minute and contain few stored reserves, colonization of a seed by a compatible fungus is essential for germination and early seedling development ( Arditti and Ghani, 2000 ; Smith and Read, 2008 ) . In epiphytic orchids, the stronger limitations to water and nutrients derived from their particular habitat may have increased the frequency of mycorrhizal associations that extend beyond the germination stage . Knowing the identity of associated mycorrhizal fungi thus becomes an important task in orchid conservation strategies ( Batty et al., 2002 ; Dearnaley et al., 2012 ) , especially when species require specifi c fungi ( McCormick et al., 2004 ) .
The identifi cation of orchid mycorrhizal fungi has been studied for a long time, and more recently DNA-based molecular techniques have been used . Orchids with different trophic strategies have been found to be associated with different groups of fungi Rasmussen, 2007 , 2009 ) . Mycoheterotrophic (MH) orchids are associated with a diverse group of Ascomycota or Basidiomycota fungi ( Bidartondo et al., 2004 ; Girlanda et al., 2006 ; Martos et al., 2009 ) . However, autotrophic orchids generally associate with a limited range of Basidiomycota, mainly Agaricomycotina including members of Tulasnellaceae ( Suárez et al., 2006 ; Kottke et al., 2008 ) , Sebacinales Suárez et al., 2008 ) , and Ceratobasidiaceae ( Otero et al., 2002 ( Otero et al., , 2007b Graham and Dearnaley, 2012 ) . Nevertheless, Pucciniomycotina with members of Atractiellales have also been recently noted to form mycorrhizas . Concerning the type of habitat, both epiphytic and photosynthetic terrestrial orchid species have been reported to be associated mainly to Tulasnellaceae .
Previous studies have shown that "specifi city", understood as the phylogenetic diversity of the fungi associated with a particular plant species , is diffi cult to predict. In the case of MH orchids, high specifi city has been reported between them and their fungal partners ( Taylor and Bruns, 1997 ; McKendrick et al., 2002 ; Selosse et al., 2002 Selosse et al., , 2004 Bidartondo and Read, 2008 ; Barrett et al., 2010 ) , while specifi city varies for photosynthetic orchids. Association with a narrow or even dominant group has been shown for many photosynthetic species, both terrestrial ( McCormick et al., 2004 ( McCormick et al., , 2006 Shefferson et al., 2005 Shefferson et al., , 2007 Shefferson et al., , 2008 Roche et al., 2010 ; Swarts et al., 2010 ; Yuan et al., 2010 ) and epiphytic orchids ( Otero • Premise of the study: The presence of compatible fungi is necessary for epiphytic orchid recruitment. Thus, identifying associated mycorrhizal fungi at the population level is essential for orchid conservation. Recruitment patterns may also be conditioned by factors such as seed dispersal range and specifi c environmental characteristics.
• Methods: In a forest plot, all trees with a diameter at breast height >1 cm and all individuals of the epiphytic orchid Epidendrum rhopalostele were identifi ed and mapped. Additionally, one fl owering individual of E. rhopalostele per each host tree was randomly selected for root sampling and DNA extraction.
• Key results: A total of 239 E. rhopalostele individuals were located in 25 of the 714 potential host trees. Light microscopy of sampled roots showed mycorrhizal fungi in 22 of the 25 sampled orchids. Phylogenetic analysis of ITS1-5.8S-ITS2 sequences yielded two Tulasnella clades. In four cases, plants were found to be associated with both clades. The difference between univariate and bivariate K functions was consistent with the random labeling null model at all spatial scales, indicating that trees hosting clades A and B of Tulasnella are not spatially segregated. The analysis of the inhomogenous K function showed that host trees are not clustered, suggesting no limitations to population-scale dispersal. χ 2 analysis of contingency tables showed that E. rhopalostele is more frequent on dead trees than expected.
• Conclusions: Epidendrum rhopalostele establishes mycorrhizal associations with at least two different Tulasnella species. The analysis of the distribution patterns of this orchid suggests a microsite preference for dead trees and no seed dispersal limitation.
et Suárez et al., 2008 ; Graham and Dearnaley, 2012 ) . Nevertheless, associations between other photosynthetic species and a wide range of fungi (mycorrhizal generalists) have been described ( Stark et al., 2009 ; Jacquemyn et al., 2010 ) . Even closely related orchid species appear to have different degrees of specifi city ( Shefferson et al., 2007 ) . Degree of mycorrhizal specifi city may have important consequences on orchid distribution and conservation. Thus, orchid rarity and vulnerability could be enhanced by their specifi city for certain mycorrhizal fungi of rare or patchy distribution (e.g., Swarts et al., 2010 ) . In contrast, orchid species associated with a broad range of fungi (or whose mycorrhiza are common and widespread) would be less predisposed to be endangered, as their seeds would have greater probability of encountering a compatible fungus after dispersal ( Bonnardeaux et al., 2007 ) . In any case, it is important to note that orchid distribution is limited not only by the presence of compatible mycorrhizal fungi, but also by its abundance ( Diez, 2007 ; McCormick et al., 2012 ) and by other factors such as pollination ( Pauw and Bond, 2011 ) , seed dispersal ( Jacquemyn et al., 2009 ; Winkler et al., 2009 ) , or environmental conditions ( Těšitelová et al., 2012 ) .
Although many studies have been published regarding the identifi cation of orchid mycorrhiza, little is still known about the intrapopulation variation in mycorrhizal associations. However, this information is important in orchid conservation as conservation actions are mainly undertaken at the population level. In the present work, we studied the mycorrhizal associations in one population of Epidendrum rhopalostele Hágsater & Dodson, an epiphytic orchid species of South America, and assessed the small-scale distribution of this orchid. Specifi cally, we asked the following questions: (1) Which fungi are associated with E. rhopalostele ? If several species are detected, what are the phylogenetic relationships among them? (2) Do plants associate with one or more fungi simultaneously? (3) Do neighboring orchids share the same mycorrhizal fungus? (4) Are there additional factors affecting the fi ne spatial structure of E. rhopalostele ? As found in other epiphythic orchids, we hypothesized that the mycorrhizal fungi of E. rhopalostele would fi t in a narrow number of clades belonging to members of Tulasnellaceae, Sebacinales, and Ceratobasidiaceae. We also hypothesized that the small-scale spatial distribution of this orchid is conditioned by additional factors other than the availability of suitable mycorrhizal fungi, including seed dispersal limitations and specifi c environmental conditions.
MATERIALS AND METHODS
Study species and site -Epidendrum rhopalostele (Orchidaceae) is a photosynthetic, epiphytic species native to Ecuador, Peru and Bolivia in evergreen montane forests. It belongs to the alpicolum group, with a single racemose apical infl orescence of 10-25 light green fl owers ( Hágsater and Sánchez, 2001 ) ( Fig. 1 ) . It is very similar to Epidendrum dialychilum Hágsater & Dodson, both having the lip free from the column, but differs from the latter by its linearlanceolate and acuminate lip; the long, fi liform, acuminate petals; and the stigmatic cavity only in the apical third of the column. Its seed dispersal mechanism and reproductive biology have not been studied and are unknown.
The study site is located on the eastern slope of Cordillera Real in the Andes of southern Ecuador on the border of Podocarpus National Park along the LojaZamora Road in Zamora-Chinchipe province, at around 2250 m a.s.l. This regenerated forest, ~35-yr old and classifi ed as evergreen, upper montane forest ( Beck et al., 2008 ) , covers an area of ~ 1 ha. The most diverse and abundant seed plant families are Orchidaceae, Melastomataceae, Ericaceae, and Rubiaceae. Mean annual precipitation is 2193 mm, and mean annual temperature is 20.8 ° C (4.7-25.5 ° C). A moderate rainy season typically extends from April to assigned to one of two functional categories (shade-tolerant or pioneer) according to literature ( Finegan, 1992 ; Poorter et al., 2006 ) .
Spatial point pattern analysis was used to describe the orchid spatial distribution in the site and its associated mycorrhizal fungi. To analyze spatial patterns, we employed univariate and bivariate versions of Ripley's K function (i.e., K ( r ) and K ij ( r ); Ripley, 1976 ; Wiegand and Moloney, 2004 ) . For a homogeneous point pattern, where λ is the intensity of the pattern, λ K ( r ) is the expected number of points within a circle of radius r around an arbitrary point. Similarly, λ j K ij ( r ) is defi ned as the expected number of type j points within distance r of an arbitrary type i point, where λ j is the intensity of points of type j . We also employed the inhomogeneous K function [Kinhom( r )], which can be defi ned as the expected value of the sum of all terms 1/ λ ( x j ) over all points x j within a circle of radius r around an arbitrary point. Here, λ ( x j ) is the intensity in the location of the point x j ( Baddeley and Turner, 2005 ) . The inhomogeneous K reduces to the ordinary K function, if λ is constant.
In a fi rst analysis, we employed the K function to analyze the spatial pattern of the orchid. As this analysis revealed that the distribution followed a heterogeneous pattern (i.e., the intensity was not constant and instead varied continuously throughout the plot), we shifted to the inhomogenous K function and estimated the intensity function λ ( x ) with a Gaussian kernel with a bandwidth of 6.5 m. We tested the observed inhomogeneous function against a null model of weighted random labeling of the tree population. This new null model is a modifi ed version of the "classical" random labeling null model ( Wiegand and Moloney, 2004 ) that weights the probability of a tree being labeled (i.e., being assigned the presence of the orchid) according to the fi tted intensity function.
We tested the spatial segregation of mycorrhiza clades by means of differences between univariate and bivariate K functions ( Dixon, 2002 ) . In this case, we tested the observed differences of K functions against the null model of random labeling, as we did not observe heterogeneity at the scale of the study.
Spatial analyses were carried out with the Kest and Kinhom functions of the package spatstat ( Baddeley and Turner, 2005 ) and K1K2 of the package ecespa ( de la Cruz et al., 2008 ) in the R environment ( R Development Core Team, 2011 ) .
Additionally, we employed contingency table analysis ( Agresti, 2002 ) to test the possible association of E. rhopalostele with dead or live trees and with pioneer or shade-tolerant trees. Similarly, we employed contingency table analysis to test the association of the obtained mycorrhiza clades with dead or live trees and pioneer or shade-tolerant trees.
RESULTS
Light microscopy examination showed that the roots of 22 of the 25 sampled individuals of E. rhopalostele were colonized by mycorrhizal fungi forming coils. Vital and collapsed pelotons were present in the cortical cells, and abundant hyphae were found in the velamen ( Fig. 2 ) .
Identifi cation and phylogenetic analysis of Epidendrum rhopalostele mycobionts -PCR amplifi cation of the ITS-5.8S rDNA region was successful for 19 of the 22 analyzed mycorrhizal samples. A total of 47 sequences were used; identical sequences from the same roots, chimeric sequences and lowquality sequences were discarded. BLAST searches in GenBank showed that 44 sequences were close to Tulasnella . The sequences obtained in this study are available in GenBank under accession numbers JF346765-JF346853. Additionally, two other sequences belonging to other Basidiomycota close to Hyphoderma (GenBank DQ873597.1) and Infundibura (GenBank AJ406404.1) and one sequence close to the Ascomycota Hyalodendriella (GenBank EU040232.1) were detected in the same root samples where Tulasnella was present. Finally, two identical sequences belonging to E. rophalostele were identifi ed (GenBank KC165027, KC165028).
The phylogenetic analyses of the sole 5.8S region showed the sequences from E . rhopalostele mycobionts in two distinct clades within Tulasnellaceae DNA alignment (Appendix S1; see Supplemental Data with the online version of this article).
Axioskop 2). To reduce contamination with nonmycorrhizal fungi, we removed the velamen using a stereomicroscope, and the remaining cortical tissue was collected in microtubes for DNA isolation.
DNA isolation, PCR, cloning, and sequencing -DNA was extracted from colonized root pieces of ~1-2 cm long using a Plant DNAeasy Mini Kit (Qiagen, Hilden, Germany) according to the manufacturer's instructions.
A PCR was conducted to amplify the ITS-5.8S rDNA region with the universal primers ITS1 (5 ′ -TCC GTA GGT GAA CCT GCG-3 ′ ) ( White et al., 1990 ) and TW14 (5 ′ -GCT ATC CTG AGG GAA ACT TC-3 ′ ) ( Cullings, 1994 ) . This primer combination was chosen to increase the possibility of identifying the entire diversity of fungi within the root. PCR reactions were conducted in 20 µL reaction volume containing 0.5 pmol of each primer, 0.8 µg/µL of bovine serum albumin (SIGMA-USA) ( Iotti and Zambonelli, 2006 ) , and 10 µL of the Phusion High-Fidelity PCR Master Mix (Finnzymes, Espoo, Finland). In each PCR, a negative control of PCR mix without DNA template was included. The thermocycler program used for reactions was as follows: 98 ° C for 30 s (1 cycle); denaturation at 98 ° C for 10 s, annealing at 60 ° C for 20 s, and elongation at 72 ° C for 30 s (30 cycles); and a fi nal extension at 72 ° C for 7 min. Success of PCR amplifi cation was tested in 1% agarose gel.
PCR products were cloned with Zero Blunt TOPO PCR cloning kit (Invitrogen) following the manufacturer's protocol. To verify the DNA insert, we randomly selected 12 growing colonies for each sample, for a direct PCR with M13F and M13R primers modifi ed according to Krüger et al. (2009) . PCR conditions were as follows: 95 ° C for 5 min (1 cycle); denaturation at 94 ° C for 30 s, annealing 65 ° C for 30 s, elongation at 72 ° C for 2 min (35 cycles); and fi nal extension at 72 ° C for 10 min. Success of the PCR was tested as mentioned before. The colonies with inserts were purifi ed following S.N.A.P. miniprep kit (Invitrogen) protocol. Sequencing was carried out using primer M13F.
Phylogenetic analyses of Epidendrum rhopalostele mycobionts -We used BLAST against the NCBI nucleotide database (GenBank; http://www.ncbi. nlm.nih.gov/) to detect published sequences with a high similarity. The majority of obtained sequences were closely related to Tulasnellaceae. Due to the heterogeneity of the Tulasnellaceae sequences, the ITS-5.8S rDNA region could not be aligned over the whole data set. Therefore, we used the 5.8S region (160 bp) to calculate a fi rst phylogenetic tree of a wider phylogenetic spectrum. Subsequently, we carried out phylogenetic analyses for each subset of related sequences. The ITS-5.8S rDNA region was analyzed considering sequences derived from this study and other closely related sequences from GenBank. Sequences were aligned with G-INS-I strategy implemented in MAFFT version 5.667 ( Katoh et al., 2005 ) .
Phylogenetic analyses were performed with neighbor-joining (NJ), Bayesian likelihood, and maximum-likelihood (ML) analyses. Neighbor-joining was implemented in the program PAUP* ( Swofford, 2002 ) using the BIONJ modifi cation ( Gascuel, 1997 ). Branch support was tested with 1000 bootstrap replicates. The Bayesian likelihood was based on Markov chain Monte Carlo (MCMC) method as implemented in MrBayes, version 3.1.2 ( Huelsenbeck and Ronquist, 2001 ). We ran two independent MCMC analyses, each involving four incrementally heated Markov chains over 4 million generations and using random starting trees with GTR+I+G substitution model. Trees were sampled over 100 generations resulting in a total of 40 000 trees in each run from which 30 000 were used to compute a pooled majority rule consensus tree. For heuristic analysis, the program PHyML version 2.4.4 ( Guindon and Gascuel, 2003 ; Guindon et al., 2005 ) was used with GTR+I+G DNA substitution model. Gamma distribution was approximated with four discrete rate categories; all model parameters were estimated using maximum likelihood. Branch support was inferred from 1000 bootstrap replicates.
Spatial and association analyses of mycorrhizal fungi and orchids -All trees with a diameter at breast height (DBH) >1 cm in the study site were identifi ed and mapped. All mapped trees were thoroughly inspected for E. rhopalostele individuals (seedlings, juveniles, or adults), and all individuals found were recorded. When the higher sections of the trunk and the higher branches of a tree could not be observed from the ground, we climbed the tree to search for E. rhopalostele . The shape and structure of the leaf and growth form were used as a reference when sampling seedlings. In addition, a genetic analysis with AFLPs that was performed on the same individuals (not included in this article) supported the identifi cation because similar patterns were obtained. We also recorded whether each tree was dead or alive. Trees without branches or leaves, many of which showed clear signs of bark decomposition, and large branches fallen on the ground were classifi ed as dead. All tree species were [Vol. 100
The inhomogeneous K function showed that E. rhopalostele host trees had a random distribution at all spatial scales (results not shown), suggesting that there are no limitations to population-scale dispersal.
On the other hand, the difference of univariate and bivariate K functions was consistent with the random labeling null model at all spatial scales (results not shown), indicating that the trees hosting clades A and B of Tulasnella are not spatially segregated.
Epidendrum rhopalostele was marginally more likely to be found on shade-tolerant trees than expected ( χ 2 = 4.22, df = 1, p = 0.040) and clearly more likely to be found on dead trees than expected ( χ 2 = 28.4991, df = 1, p < 0.001).
Clades A and B of Tulasnella showed no difference in their preference for shade-tolerant or pioneer trees ( χ 2 = 0.127, df = 1, p = 0.722) or for live or dead trees ( χ 2 = 0.02, df = 1, p value = 0.897).
DISCUSSION
Although a high number of epiphytic orchid species have been recorded, studies on their mycorrhizal fungi are still scarce , and in most cases, only one or two individuals per population have been sampled. Our study provides a novel focus by assessing within-population variation of epiphytic orchid mycorrhizal interactions in a spatially explicit way. We thus found that E. rhopalostele can associate separately or simultaneously with two different clades of closely related Tulasnella. These clades are spatially randomly distributed showing no segregation patterns that would suggest a limited distribution of the fungi or competitive exclusion between clades. We have also found that this particular orchid is more likely than expected to be found on dead and fallen trees. Our results thus contribute to improving knowledge on epiphytic orchid species, providing relevant information on mycorrhizal fungi preference of E. rhopalostele , and identifying favorable environments at the population level.
Identification and phylogenetic relationships of fungi associated with E. rhopalostele -Light microscopy examination showed that 22 of the 25 E. rhopalostele individuals were consistently colonized. Roots revealed the presence of vital and collapsed pelotons in the same tissue suggesting the possibility of subsequent reinfection in roots. Beyond the essential support that mycorrhizal fungi provide during seed germination, the presence of the fungi in adult orchid individuals may be useful to retain the fungus in the neighborhood to assure further seed germination, which could explain the high number of juveniles growing close to adults. The maintenance of this association in adult plants could also be advantageous in adverse seasons or under conditions of high shade, as plants could obtain part of organic carbon through their mycorrhizal fungi ( Hudson, 1992 ; Dearnaley et al., 2012 ) .
DNA sequence analysis showed the presence of Tulasnella in E. rhopalostele roots, which agrees with reports for other species of the same tribe (tribe Epidendreae). Zettler and Hofer (1998) and Pereira et al. (2003) identifi ed the anamorphic genus Epulorhiza from mycorrhizal roots of Epidendrum conopseum R.Br. and Epidendrum rigidum Jacq., respectively, and Suárez et al. (2006 Suárez et al. ( , 2008 identifi ed Tulasnella in Stelis hallii , S. superbiens , S. concinna , and Pleurothallis lilijae.
The phylogenetic analyses of ITS1-5.8S-ITS2 for each subset increased phylogenetic resolution. Clade A ( Fig. 3 ) was supported by 54/100/100 (MCMC / heuristic ML / BIONJ, respectively), and 63% of all sequences were found in this subset. Within clade A, sequences shared 99% similarity in the region ITS1-5.8S-ITS2, except in the case of clone JF346765 with just 98% similarity. The closest related sequences to clade A, supported by values 56/85/94 (MCMC / heuristic ML / BIONJ) ( Fig. 3 ) were Tulasnellaceae from epiphytic orchids (subtribe Pleurothallidinae) Stelis concinna Lindl. and Pleurothallis lilijae Foldats, with 95% similarity, and Stelis superbiens Lindl. and Stelis hallii Lindl. with 84 to 95% similarity. Clade B was included in the second subset ( Fig. 4 ) with a support of 94/99/100 (MCMC / heuristic ML / BIONJ), including 37% of Tulasnella sequences. All sequences of clade B shared a similarity of 99% in ITS1-5.8S-ITS2, except for the sequence JF346853 with 95% similarity compared to the rest. Sequences in clade B are close to Tulasnella asymmetrica Warcup & P.H.B.Talbot (DQ520101 and DQ388046.1, with 84% similarity), forming a clade supported by 100/99/100 (MCMC / heuristic ML / BIONJ).
Tulasnellaceae sequences displayed in clade A were present in nine orchid individuals, and Tulasnellaceae sequences from clade B were present in six orchids, whereas clades A and B were simultaneously found in four orchid individuals.
Spatial and association analyses of mycorrhizal fungi and orchids -Considering host and nonhost trees of E. rhopalostele, 714 trees with DBH > 1 cm were found and mapped at the study site. A total of 239 E. rhopalostele individuals were located in 25 of the 714 potential host trees in the forest plot. Orchids were found in the fi rst 3 m of height of the tree hosts. . Note that genetic distances cannot be directly correlated to branch lengths in the trees, since highly diverse alignment regions were excluded for tree calculation. The tree was rooted with Tulasnella pruinosa AY373295. . Note that genetic distances cannot be directly correlated with the length of the branches on the trees, since the highly diverse alignment regions were excluded from the construction of the tree. The tree was rooted with Tulasnella violea DQ520097. environment ( Phillips et al., 2011 ) . However, some conclusions can be derived from the bivariate spatial analysis, which found no trend in neighboring orchids to share the same mycorrhizal fungus. The existence of segregation between clade A and clade B of Tulasnella could have indicated a limited spatial distribution of fungi. The absence of such a pattern and the fact that both Tulasnella clades could be found in the same tree, and even in the same plant, provide no evidence in support of a limited distribution of Tulasnella .
Additional factors affecting the fi ne spatial structure of E. rhopalostele -Previous studies about the factors affecting the epiphytic orchid distribution have been focused on the identity of the tree and its physical characteristics (e.g., size, age, architecture, bark roughness, cover of bark) ( Bergstrom and Carter, 2008 ; Adhikari et al., 2012 ) . The small number of trees hosting E. rhopalostele in the forest and high tree species richness made it impossible to assign a degree of preference for particular species, as some authors have accomplished in other epiphytic orchid species ( Tremblay et al., 1998 ; Gowland et al., 2011 ) . However, our results show that E. rhopalostele is more likely to grow on dead trees than expected. Epiphytic orchid species are relatively common on dead trees ( Zimmerman, 1991 ; Ackerman et al., 1996 ; Gulledge et al., 2011 ) , and preference for this type of substrate has been reported in some cases ( Otero et al., 2007a ; Cruz-Fernández et al., 2011 ) . Because Tulasnella is mainly described as saprotrophic ( Roberts, 1999 ) , decomposing wood might offer better conditions for the growth and reproduction of these fungi. With a greater abundance of fungi, the probability of orchid seed infection in dead trees would also be greater. In this sense, it would be interesting to test whether the germination and establishment of E. rhopalostele can be enhanced by the presence of decomposing wood, as found in some terrestrial orchids ( Rasmussen and Whigham, 1998 ) .
In addition to the type of substrate, other environmental factors also seem to affect orchid distribution. Our analysis showed that the spatial pattern of E. rhopalostele was heterogeneous, that is, that the density of trees bearing E. rhopalostele was not constant and varied throughout the plot. This pattern is usually interpreted as a response to some environmental factor controlling the distribution of plants ( Wiegand and Moloney, 2004 ) . Because E. rhopalostele was mainly found at the base of trees near small ravines of the forest fragment, we hypothesize that high humidity could be a relevant environmental fi lter affecting the presence of this orchid species. In this sense, it is important to note that E. rhopalostele requires constant moisture because it lacks pseudobulbs and thick leaves. Because humidity is higher in the understory than in the canopy, this environmental difference might explain the fact that E. rhopalostele occurs only in the lower part of the trees. On the other hand, the small ravines could provide better conditions to E. rhopalostele ; humidity in these areas is also greater, especially during the driest part of the year.
Contrary to our initial hypothesis, the random spatial distribution pattern of trees that had at least one adult plant of E. rhopalostele suggests no limitation to seed dispersal at the scale of the studied forest fragment, although seed dispersal mostly occurs within trees.
Final remarks -From a conservation perspective, the knowledge provided in this study may help detect recruitment sites and support management measures in the forest where the study took place. Thus, fallen and dead trees could be left Our results showed that E. rhopalostele has a preference for two Tulasnella clades: (1) sequences of clade A were grouped with sequences of mycorrhizal fungi isolated from Stelis and Pleurothallis that correspond to clades A, B, and C reported by Suárez et al. (2006) , all of which form a subset related to Tulasnella calospora Hadley, and (2) sequences of clade B were close to the clade of Tulasnella asymmetrica and to sequences from mycorrhizas isolated from Stelis and Pleurothallis that correspond to clades E and F of Suárez et al. (2006) and other Tulasnella species. Because the percentage of similarity between sequences of the same clade was over 95%, the mycobionts of each clade could be considered "genotypes" of the same Tulasnella species or operational taxonomic unit (OTU) ( Lindner and Banik, 2011 ) . These results suggest, therefore, that there is no absolute fungal specifi city in E. rhopalostele, as it can form mycorrhizas with at least two Tulasnella species.
Concerning the similarity of the mycorrhizal sequences isolated for E. rhopalostele and those reported for Stelis hallii , S. superbiens , S. concinna , and Pleurothallis lilijae , it is important to note that the study by Suárez et al. (2006) was carried out in a nearby site with the same forest type as E. rhopalostele .
In addition to Tulasnella sequences, other Basidiomycota close to Infundibura and Hyphoderma and one Ascomycota close to Hyalodendriella were also found. Although Kottke et al. (2010) recently showed that other Atractiellales closely related to Infundibura formed mycorrhizas with several terrestrial and epiphytic orchid species, the presence of only one sequence does not provide enough evidence to conclude that these fungi form mycorrhizas with E. rhopalostele . In this sense, a highly diverse group of fungi has been reported to colonize only the velamen in epiphytic orchids, including mostly Ascomycota with members of Helotiales closest to Hyalodendriella as well as Polyporales such as Hyphoderma . Thus, it would be interesting to extend this study to other known populations of E. rhopalostele occurring in Ecuador, Peru, and Bolivia to confi rm genus-level specifi city to Tulasnella . Do plants associate with one or more fungi simultaneously? Do neighboring orchids share the same mycorrhizal fungus? -Four individuals of E. rhopalostele were found to be associated with two Tulasnella species at the same time, which supports the hypothesis of successive reinfections. Multiple fungal associations have also been described in some terrestrial orchid species, both photosynthetic ( Jacquemyn et al., 2010 ( Jacquemyn et al., , 2012 Martos et al., 2012 ) and mycoheterotrophic ( Roy et al., 2009 ) , and also in some epiphytic orchid species Xing et al., 2013 ) , although it is diffi cult to know if this is a common phenomenon because most studies do not provide this information. As suggested by Jacquemyn et al. (2012) , associating with multiple fungi can provide an advantage if the associated fungi belong to different fungal lineages and have different nutritional and environmental requirements. Nevertheless, in our case, this is unlikely because the two mycorrhizal species found in the roots of E. rhopalostele are phylogenetically very close.
Because seed colonization by a compatible fungus is essential for germination and early seedling development, the spatial distribution of E. rhopalostele depends on the presence of the fungi, and therefore, it could potentially be infl uenced by the spatial distribution of the fungi. The detailed spatial distribution of the two Tulasnella species associated with E. rhopalostele is unknown in this forest, and there is virtually no information about patterns of fungal small-scale spatial distribution in the [Vol. 100 undisturbed to promote recruitment. Specifi c studies to characterize the spatial distribution of the two Tulasnella species in the forest and their ecological requirements is advisable because, in the end, the factors that infl uence the presence and abundance of these fungi indirectly affect E. rhopalostele establishment and survival. Furthermore, studies on other known populations of this species are needed to complete the characterization of microsite suitability at the species level and to confi rm genus-level specifi city to Tulasnella .
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